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PROGRAM DECISIONS ^9 1 - 28 248 


J. S. DICK 
JUNE 26, 1990 


BACKGROUND 

- SPACE PROPULSION FACILITY ASSESSMENT TEAM 
FINAL REPORT 

CHANGES 

- ADVANCED LAUNCH SYSTEM 

- NATIONAL AEROSPACE PLANE 

- SPACE EXPLORATION INITIATIVE 

LIFE CYCLE COST ANALYSIS RATIONALE 
RECOMMENDATION TO PANEL 


1983 - FACILITY ASSESSMENT TEAM 


• CHARTER 

• KEY ISSUES 

• TEST FACILITY VARIABLES 

• SCOPE 

• LAUNCH VEHICLE PROPULSION PROGRAMS 

• ORBITAL TRANSFER PROPULSION PROGRAMS 

• SPECIALIZED VEHICLE PROPULSION PROGRAMS 

• SPACE STATION AUXILIARY PROPULSION PROGRAMS 


• LARGE ENGINE THRUST LEVEL - PROGRAMS & FACILITY 
NEEDS 


- DEFICIENCIES 

• MEDIUM ENGINE THRUST LEVEL - PROGRAMS & FACILITY 
NEEDS 


- DEFICIENCIES 

• LOW ENGINE THRUST LEVEL 

• CONCENTRATE ON FACILITIES AT GOVERNMENT SITES 

• CONCLUSIONS 



ASSESS STATUS OF NATION'S LIQUID CHEMICAL SPACE PROPULSION TEST FACILITIES 

AND THEIR ADEQUACY TO SUPPORT CURRENT, NEAR-TERM, AND LONG-RANGE NATIONAL 
PROGRAM REQUIREMENTS. 
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KEY ISSUES 


WHAT FACILITIES ARE REQUIRED? 

WHAT FACILITIES ARE AVAILABLE? 

WHAT ARE THE FACILITY DEFICIENCIES? 

HOW CAN THE DEFICIENCIES BE ACCOmODATED? 

WHAT IS THE PROPER BALANCE BETWEEN GOVERNMENT AND CONTRACTOR FACILITIES? 
WHY SIMILAR FACILITIES? 

LIQUID CHEMICAL SPACE PROPULSION TEST FACILITY VARIABLES 


VARIABLES 

RANGE/SCOPE 

THRUST (LBS.) 

MINI (10l) LOW <103) MODERATE (lO* 1 ) URGE (ltf) 

(RCS) (ALTITUDE ADJ.) (0TV > <SSME) 

PROPELLANTS 

CRYOGENIC STORABLES (MONOPROPELLANT, Bi PROPELLANT) 

RUN TANKAGE 

MEDIA VOLUME PRESSURE 

PRESSURANT 

MEDIA CAPACITY PRESSURE 

TEST PRESSURE 

SEA LEVEL ALTITUDE 

DATA ACQUISITION 

NO. CHANNELS ANALOG/DIGITAL FREQUENCY/SAMPLE RATE OBSOLESCENCE 
MODERNIZATION PLANS 

SYSTEM LEVEL 

COMPONENTS ENGINES PROPULSION SYSTEMS STAGES 

DUTY CYCLE 

MIN./MAX. BURN DURATION THRUST RANGE MISSION DURATION 
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LAUNCH VEHICLE PROPULSION htUblWft 


1990 2000 2010 



ORBITAL TRANSFER PMPULS I ON- PROGRAMS 
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SPECIALIZED VEHICLE PROPULSION PROGRAMS 


' 9*0 1990 2000 2010 




SPECIALIZED 

VEHICLES 

li ^ 1M0 c? 

teleoperator spacecraft space planetary 

maneuvering structures spacecraft 
transfer 

PROPULSION SYSTEMS 

t t t 4 ” T " 

I I 1 1 

1 1 1 

LON THRUST 
STORABLES 

LON THRUST O 2 /H 2 

development flight support 

1 

TECHNOLOGY \ DEVELOPMENT \ FIT. SUPPORT 

1 1 1 1 

AUX. PROPULSION 

TECHNOLOGY'* OEVELOPMENTTfL IGHT SUPPORT 


SPACE STATION AUXILIARY PROPULSION 1 PROGRAMS 


1980 


SPACE STATIONS 


PROPULSION SYSTEMS 

GO2/GH2 

RESISTOJETS 


ADV. SYSTEMS 


1990 2000 2010 

J 1 1 i 1 1 1 1 1 I » » » 1 I 


I 

GEO SPACE STATION 


~ I T 

t 1 1 


| TECH. \ OCVEIOP. \ 

FIT. SUPPORT/EVOLUTION 

. 1 

1 

| TECH. \ DEVELOP. \ 

FIT. SUPPORT / EVOLUTION 


TECHNOLOGY/ADV. DEVELOP. \ DEVELOPEMENT \ fit. SUPPORT 



UO SPACE STATION 


CRYO. FLUID MGMT, 


CNOUNO TEST FIT. TEST 

“ r — ? l 

TECHNOLOGY \ OEVELOP. \ FLIGHT SUPPORT 
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1980 1990 200C 
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ALTITUDE ENGINE 


LARGE ENGINE THRUST LEVEL 
SYSTEM LEVEL SUMMARY 



mm KricitMCiu CimucfutAL# piping op stshh) 

NOOCPAft MMCHNCItt (* TPUCfUPAl, PILING OP STS1IN 
PLUS UPGPAOC #UCL SrSHM) 

NMOP OUltltMCIlS (INUCTIHUL, PIPING OP SVSIIN 
PLUS LALlA *UCL CAPAtlUW) 















URGE ENGINE THRUST LEVEL 


ENGINE LEVEL SUMMARY 


— 

1 LOCATIONS 

GENERIC ENGINE 


msfc 

NSTL 

AEDC 

AFRPL 

SSME 

Ar3 

N/A 

A-l 

A-2 


N/A 


N/A 

SSME TECHNOLOGY 
TEST BED 

A-3 

s-ic •• 

i 

#* 

• 

J-A 

•» 

H/A 

SSME UPGRADING 






• ALTITUDE TEST 

A-3 ••• 

s-ic ••• 

U 

5:} 

J-A 

• 

N/A 

• SEA LEVEL TEST 
(VERT) 

A-3 

s-ic •• 

ra 


J-A 

1 

l 

** i 

! 

li/A 

• SEA LEVEL TEST 
(hORIZ.) 

A-3 • 

s-ic •• 

] 

ea 




ADVANCED O 2 /H 2 

A-3 

s-ic •• 

B 


J-A 

it 

N/A 

ADVANCED O 2 /HC 

wm 

|:j c : 

S-ll" 

BH 

W 

J-A 

• • 

H/A 

DUAL FUEL 

A-3 ••• 

s-ic • 

1 jfcl 

IT: 

1 

; j-a 

•• 

N/A 


URGE ENGINE THRUST LEVEL 
COMPONENT LEVEL SUMMARY 



COMBUST! OH DEVICES 

(gas GENERATORS/ PRE- 
BURNERS. TURBINE BLADES. 
HEAT EXCHANGERS/ THRUST 
CHAMBERS/ NOZZLES) 

BEARINGS 

TURBOPUMPS. 

V«2 

MSFC * 
ROCKETDYNE 

MSFC 

ROCKETDYNE 

ROCKETDYNE * 

NO GOV'T TEST SITE 


[yHC 

MSFC * 
ROCKETDYNE 

MSFC 

ROCKETDYNE 

(Hi Pc 3000 psi) 
ROCKETDYNE * 

INO GOV'T TEST SUL) 


* MINOR DEFICIENCIES (STRUCTURAL, PIN NO OR SYSTEM) 

’* "*•*» *'*«"*'“ ‘‘KS’lSli 
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URGE ENGINE THRUST LEVEL 
DEFICIENCY #1 - SSME TEST STANDS 


REQUIREMENT: SSME TEST OPERATIONS REQUIRE MAINTAINING MORE THAN TWO ACTIVE 
TEST STANDS TO SUPPORT (1) THE PRODUCTION PROGRAM (INCLUDING ENGINE REBUILDS), 
(2) SOLVING CURRENT ENGINE PROBLEMS, (3) THE ENGINE PRODUCT IMPROVEMENT 
PROGRAM, (N) AN SSME TECHNOLOGY TEST BED, AND (5) THE NEED TO MAINTAIN 
SUFFICIENT TEST POSITIONS TO PROTECT THE ON-GOING STS OPERATIONAL PROGRAM. 


FACILITY DEFICIENCY: PUNNED CLOSING OF ROCKETDYHE'S (RKD'S) A-3 TEST POSITION 


LEAVES ONLY NSTL A-l AH 
OPTIONS FOR ADDITIONAL TEST 


• RETAIN RKD A-3. 

• ACTIVATE NSTL B-2 
OR B-l FOR SINGLE 
ENGINE TESTING. 


• ACTIVATE MSFC S-IC 
FOR SINGLE ENGINE 
TESTING. 


i A-2. 

STANDS: 

PRO 

• EXISTING OPERATION. 

• ACTIVE LOX/LHo TEST 
SITE. 

• LOW OPERATING COST 
(COST SHARED WITH 
A-l/A-2). 

• DEVELOP & MAINTAIN IN- 
HOUSE ENGINEERING EX- 
PERTISE 4 CAPABILITY. 

• LOW OPERATIONAL COST. 


CON 

• OPERATING COST. 

• INITIAL FACILITY INVEST 
MENT COST (LOW) . 


• INITIAL FACILITY INVEST 
MENT COST (MODERATE). 


URGE ENGINE THRUST LEVEL 
DEFICIENCY #1 (CONT'D.) 


RECOMMENDATION : 

• A COMPARATIVE STUDY BE MADE IMMEDIATELY OF THE ABOVE OPTIONS TO 
DETERMINE THE NUMBER AND LOCATION OF TEST STANDS CONSIDERING THE 
PROPOSED PHASE-OUT OF RKD'S A-3 TEST STAND AND THE REQUIREMENT 

TO IMPLEMENT AN SSME TECHNOLOGY TEST BED. (A JOINT OSF/OAST STUDY). 

• PRESERVE NSTL B-2 TEST POSITION IN CURRENT CONFIGURATION UNTIL 
COMPARATIVE STUDY IS COMPLETE AND FINAL DECISION IS MADE. 
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LARGE ENGINE THRUST LEVEL 
DEFICIENCY n - HORIZOUTAL SSME TESTING 


REQUIREMENT; HORIZONTAL ORBIT-ON-DEHAND CONCEPTS REQUIRE RAPID ENGINE START-UP 
AND OPERATION IN HORIZONTAL POSITION. 

FAf II ITY DEFICIENCY : HORIZONTAL TEST POSITION FOR SSME/SSHE DERIVATIVE ENGINE* 1990. 


OPTIONS; ebq CON 


• RKD A-3 

• DEVELOPMENT ENGR. SUPPORT 

• INVESTMENT COST FOR MODS. 

• HSFC S-1C 

• DEVELOPMENT ENGR. SUPPORT 

• INVESTMENT COST FOR MODS. 
AND REACTIVATION. 

• HSTL A-l/A-2 
B-l/B-2 

• LOW OPERATING COST 
(SHARED FACILITY) 

• INVESTMENT COST FOR MODS. 

• RPL 1-56 

• EXISTING HORIZONTAL 
TEST SITE 

• INVESTMENT COST TO ADD LHo 
CAPABILITY AND REACTIVATION. 

RFCONMENDATIQH;- 




• CONTINUAL REVIEW OF ORBIT-ON-DEMAND REQUIREMENTS, INITIATE A FACILITY 
STUDY TRADE *1985/6. 

DEFICIENCY #3 - NSFC 'BACKYARD CAPABILlir 


RFQIHRFMFHT; ADEQUATE SPECIALIZED 'BACKYARD* FACILITIES ARE REQUIRED TO ENABLE NSFC 
TO ACCOMPLISH LEAD ROLE IN COMPONENT LEVEL TESTIN6 FOR SSME AND ADVANCED 
ENGINE TECHNOLOGY DEVELOPMENT. SPECIFICALLY: (1) LH^ TESTING OF LARGE 
BEARINGS 50 mm, WITH RADIAL AND AXIAL LOAD AT SPEEDS 40,000 rpm AND 
(2) HIGH PRESSURE 3500 psi 0 /H TESTING OF TURBINE DRIVE COMBUSTION TECHNOLOGY, 
ADVANCED CHAMBER COMBUSTION T?CH?i EXHAUST PLUME ANALYSIS. 

i 

fa<* 1 1 ity nmriFNCY: 1) NO H ? TEST OPERATION PERMITTED AT HSFC’s BEARING TEST STAND, 
TP-500, UNTIL A PRESSURIZED TERMINAL ROOM IS CONSTRUCTED. (SAFETY ISSUE) 

2) CURRENT IDENTIFIED WORK LOAD FOR HI PRESS Oo/H 2 TESTING REQUIRES TWO TEST 
POSITIONS - ONLY ONE AVAILABLE (TP 116). THEREFORE, TECHNOLOGY TEST PROGRAMS 
ARE DELAYED AND/OR DEFERRED TO ACCOMODATE SPECIFIC ON-GOING PROGRAM DEVELOPtttIT 
ACTIVITIES (SSME TURBINE BLADE TEST) OR UNSCHEDULED ANOMALY RESOLUTIONS (STS 
OVERPRESSURE PROBLEM). 

OPTIONS. PRO CON 

• MSFC TP 500 I 115 • DEVELOP & MAINTAIN IN-HOUSE • NONE 

TECHNICAL EXPERTISE CONSISTENT 
WITH ETO ENGINE DEV. ROLE. 

• IMPROVED CAPABILITY FOR ANOMALY 
RESOLUTION. 

• EXISTING SUPPORTING FACILITIES 
ARE AVAILABLE. 

• LOW OPERATIONAL COST. 
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LARGE ENGINE THRUST LEVEL 1 « 
DEFICIENCY #3 (COHT'D.) 


OPTIONS (CQNT.'D); 


m 


CON 


• OTHER GOVERNMENT • NONE. 

SITES. 


• BASIC TEST CAPABILITY DOES 
NOT EXIST. 


• CONTRACTOR SITES. 


• EXPAND INDUSTRY 
BASE AT ONE 
CONTRACTOR (PROB- 
ABLY RKD.) 


• INVESTMENT COST SIGNIFICANT. 

• OPERATING COST. 


RECQMMEHMUQIL 

IMPLEIENT FY 1985 CoF MODIFICATION FOR MSFC'S TP 500 & 115. 


LARGE ENGINE THRUST LEVEL 
ISSUE #4 - ENVIRONMENTALLY COMPLIANT TEST SITES 


REMfiEMENI: ADEQUATE ETO ENGINE AND SYSTEM LEVEL TEST SITES ARE REQUIRED 
TO MEET NATIONAL NEEDS. THEY MUST COMPLY KITH ENVIRONMENTAL REQUIREMENTS. 

FACILITY.. CONCERN; ENVIRONMENTAL CONSTRAINTS LIKELY TO INCREASE FOR TEST SITES 
LOCATED ADJACENT TO POPULATED AREAS CURRENTLY EXPERIENCING ENVIRONMENTAL 
CONSTRAINTS ON ENGINE LEVEL TEST AT SEVERAL TEST SITES, e.g. ROCKETDYIIE AT 
SANTA SUZANNA RESTRICTED TO TEST OPERATIONS DURING DAY LIGHT HOURS. 


OPTIONS: 


• RELOCATE RKD A-3 
TEST OPERATIONS. 

• PROTECT BUFFER ZONE 
AT ISOLATED TEST 
SITES. 

RECOMMENDATION; 


PRO 

• ELIMINATES ENVIRON- 
MENTAL PROBLEMS. 

• PROTECTS CRITICAL 
NATIONAL ASSET. 


CON 

• REQUIRES ALTERNATE SITE. 

• LOCAL PRESSURE FOR 
LAND USE. 


PROTECT NSTL BUFFER ZONE AND PRESERVE OTHER EXISTING GOVERNMENT REMOTE 
TEST SITES (MSFC). 
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LARGE ENGINE THRUST LEVEL 
DEFICIENCY #5 - LOX/HYDROCARBON TEST SITE 


RFOIIIRFMENT * ADVANCED EARTH TO ORBIT TRANSPORTATION SYSTEMS HILL REQUIRE THE 
DEVELOPMENT OF LARGE HYDROCARBON AND/OR DUAL FUEL ENGINES a Hi Pc. TEST AT 
ALTITUDE CONDITION MAY BE REQUIRED. 


CArn l TV OFF I fl FNf.V ; NO FACILITY HAS CAPABILITY TO MEET BOTH PROPELLANT AND 

ALTITUDE REQUIREMENTS. 


OPTIONS: 


• GOV'T. TEST SITES • BUILDS ON EXISTING 
AEDC, HSFC, NSTL, OPERATIONAL BASE. 
RPL. 

• CONTRACTOR TEST SITES. • MAINTAIN INDUSTRY 
AEROJET, PRATT, RKD. CAPABILITY. 


CON 

• INVESTMENT COST. 


• INVESTMENT COST. 

• COST OF OPERATION. 


RECOMMENDATION: 

INITIATE A TECHNICAL FEASIBILITY/FACILITY TRADE STUDY IN 198<l TO ESTABLISH 
A TEST PHILOSOPHY, I.6., ENGINE/COMPONENT TEST BED VIS-A-VIS COMPONENT LEVEL 
TESTING, TO SUPPORT A CoF PER IN FY 1987. 


LARGE ENGINE THRUST LEVEL 

DEFICIENCY «f6 - ADVANCED ENGINE TURBOPUMP TESTING 

REQUIREMENT : ADVANCED 0^, Oj/HC AND/OR DUAL FUEL EARTH TO ORBIT ENGINES REQUIRE 

TURBOPUMP TESTING. 

FAC 1 1 ITY DEFICIENCY; EXISTING CONTRACTOR FACILITY HAS NOT SATISFACTORILY 
DEMONSTRATED THIS CAPABILITY. TEST POSITION IS PROJECTED TO BE CLOSED 
BY 1986 AND CRITICAL HIGH PRESSURE TANKAGE LIKELY TO BE MOVED TO OTHER 
LOCATIONS. NO ALTERNATE GOV'T. TEST POSITION EXISTS. 


OPTIONS : 


EBO 


m 


• RKD A-3 • CURRENTLY EXISTING 

FACILITY. 


• MSFC • SUPPORTS ETO DEVELOP- 

MENT RESPONSIBILITY. 

• BUILDS ON EXISTING 
CAPABILITY BASE. 

• NSTL • UTILIZES EXISTING 

PROPELLANT SUPPLY 
FACILITIES. 

• TEST BED ENGINE • MAY BE ONLY PRACTICAL 

SOLUTION AT REASONABLE 
COST. 


• FACILITY LIKELY TO BE CLOSED 
IN SPITE OF THIS REQUIREMENT. 

• OPERATIONS COST. 

• INITIAL INVESTMENT COST. 


• INITIAL INVESTMENT COST. 


• TURBOPUMP TESTS MUST BE 
ACCOMPLISHED IN CONJUNCTION 
HITH ENGINE SYSTEM TESTS. 
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LARGE EN6INE THRUST LEVEL 
DEFICIENCY #6 (CONT'D.) 


RECOMMENDATION: 

CONDUCT TRADE STUDY TO ESTABLISH TECHNICAL FEASIBILITY AND COST ESTIMATES 
FOR TURBOPUMP TEST METHOD TO SUPPORT AN FY 1987 CoF PROJECT. THIS STUDY 
SHOULD BE INITIATED AS All INTEGRAL PART OF THE PRIOR ENGINE ISSUE. 


CATEGORIZATION OF GOVERNMENT FACILITIES 


I. ACTIVE - IN CURRENT USE. 


II. DETAIN IN CURRENT STATUS FOR POTENTIAL FUTURE USE 

- NOT UNIQUELY REQUIRED BY VEHICLE MODEL. 

- ASSET OF POTENTIAL VALUE TO FUTURE PROGRAM. 

- COSTLY TO DUPLICATE, CONTAIN EXPENSIVE, LONG-LEAD HARDWARE. 

• STANDBY - MAINTAIN TO PERMIT RAPID ACTIVATION. 

• DOWNMODE - MAINTAIN AT MINIMUM LEVEL TO ARREST DETERIORATION. 

III. RETAIN AS A SOURCE OF HARDWARE 

- NOT REQUIRED BY VEHICLE MODEL. 

- CONTAIN EXPENSIVE, LONG-LEAD HARDWARE. 


IV. 


INDICATE TO CONTROLLING GOVERNMENT ORGANIZATION 
FOR PROPULSION PURPOSES CANNOT BE JUSTIFIED 


THAT FACILITY RETENTION 


- NOT REQUIRED BY VEHICLE MODEL. 


" *!5^ t ^ C, !: ,T,ES AT NASA ' D0D ' AND DOE LOCATIONS AND GOVERNMENT 
FACILITIES AT CONTRACTOR LOCATIONS. 
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MEDIUM ENGINE THRUST LEVEL - ENGINE CHARACTERISTICS 



MUSI 

EC 


full/low (lbs.) 

(psia) 

o 2 h 2 

RL-10 I IB 

15,000/1500 

400 

ADV EXPANDERS 

15,000/500 

2,000 


3,000/500 

2,000 

ADV QMS 

6,000 

500 

N 2 0 4 /MMH 

ADV PUMP-FED 

3,750 

1.500 

CURRENT OMS 

6,000 

125 

ADV OMS 

6,000 

1,500 

o 2 /hc 

ADV OMS 

6,000 

600 


EXPANSION RATIO 


205 

1,000 

1,000 

300 


400 

55 

m 


300 


DURATION CLASS 
(SEC.) 


MOO 
1,800 
1,800 
600 ! 

1,000 

600 

600 


600 


MEDIUM ENGINE THRUST LEVEL - ENGINE LEVEL TEST CAPABILITY 


^ ^FACILITY 

PROPULSION SYSTEM ^ 

AEDC 

•A 

PU 

a 

| GSFC| 

(x 

< 

JPL 

liiLl 


Wi 

u 

Pu 

V) 

X 

NSTL 

WSTF 

u 

cc 

.4 

< 

.4 

•4 

W 

CQ 

1 

n 

Ml 

m 

1 TMC | 

£ 

a. 

RKD 

0£ 

DC 

1 TRW | 


RL-10 I IB 

A 

A 





P 

SP 

P 

P 

A 

P 





P 

P 

1 

A 


° 2 / ,, 2 ADV EXPANDER 

A 

A 





P 

SP 

P 

P 

A 

P 





p 

P 

B 

A 


OMS 


1 

1 

1 

1 

1 



H 

1 

1 


1 

i 

i 

1 

1 

1 

1 

1 


OMS 

■ 

■ 

| 

1 

■ 

■ 

fl 

■ 

■ 

■ 

1 

jj 


■ 

■ 

■ 

fl 

1 

■ 

■ 

8 

N,0./MMH 

M 










m 

H 










2 * ADV PUMP-FED 


i 

1 

1 

1 

1 

i 

1 

1 

1 

■ 


1 


1 

1 

1 

1 

1 

1 

1 

0 2 /IIC OMS 


i 

1 

1 

1 

1 

i 

1 

1 

1 

i 



1 

i 

1 

1 


1 

1 

I 

* FULL EXISTING CAPABILIT 






















A EXIST. ALTITUDE CAPABIL 

TY 





















P EXIST. PROPELLANT SYSTE 






















S TEST STAND IN PLACE 
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MEDIUM ENGINE THRUST LEVEL 
DEFICIENCY #1 - ENGINE ALTITUDE TESTING 


VERY HIGH EXPANSION RATIO (E) ENGINES ARE REQUIRED FOR FUTURE HIGH PERFORMANCE 
OTV'S (MID-1990'S) AND FOR ETO VEHICLES ORBIT MANEUVERING SYSTEMS (OMS) (POST 2000) 

• RL-10B (PRODUCT IMPROVEMENT PROGRAM (PIP)) NEED DATE: 1986 

• ADV EXPANDER HEED DATE: 1989 


CAPABILITY TO TEST HIGH < DUAL THRUST ENGINES THROUGH FULL MISSION DUTY CYCLES 
CURRENTLY EXISTS ONLY AT AEDC J-«|. 


OPTIONS ; 

• MODIFY PAM 
STAND E-6 


• USE AEDC J-9 FOR 
ALL HIGH C TESTING 


EBQ 

ACCOMMODATES CURRENT 
SCHEDULE 


• NO CofF FUNDING 
REQUIRED 


• MODIFY OTHER GOVERNMENT COST EFFECTIVE 
FACILITY (AEDC J-3, LONG-TERM SOLUTION 
WSTF, LeRC, MSEC, NSTL. 


£Ofl 

• NOT AVAILABLE TO OTHER 
CONTRACTORS 

• DOES NOT SATISFY MISSION 
DURATION REQUIREMENTS 

• VERY HIGH OPERATING COSTS 
(CHARGES) 

• PRIORITIES/SCHEDULING 
PROBLEMS 

• SINGLE POINT FAILURE 

REQUIRES NEAR TERM CofF 
FUNDING (FY 1985) 


1004 











































MEDIUM ENGINE THRUST LEVEL 
DEFICIENCY #1 (CONT'D.) 


RECOMMENDATION ; 

• ACCOMMODATE NEAR TERM TEST REQUIREMENTS (RL-10 I IB PIP) AT AEDC J-4. 

• CONDUCT TRADE STUDY TO DETERMINE MOST COST/SCHEDULE EFFECTIVE LOCATION FOR 
PERMANENT HIGH ALTITUDE TEST FACILITY(S), WHICH CAN ALSO ACCOMMODATE HIGH £ 

NOZZLE TESTING 

• COMPLETE STUDY IN TIME TO IMPACT FY 86 CofF (COULD MEET RL-10 I IB PIP REQUIREMENTS, 
IF DELAYED) 


MEDIUM ENGINE THRUST LEVEL 
ISSUE »X - ENGINE TESTING 


MINOR MODS 


C ONSIDERATION OF POTENTIAL FAC1I ITIFS 











P&W ALRC 

BELL 

RKD 

TRW 
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MEDIUM ENGINE THRUST LEVEL 
DEFICIENCY H2 - NOZZLE TESTING 


REQUIREMENT ; 


HIGH EXPANSION RATIO (€) ENGINES REQUIRED FOR FUTURE HIGH PERFORMANCE OTV'S 
(MID-1990'$) AND ETO VEHICLE ORBIT MANEUVERING SYSTEMS (OMS) (POST 2000) 


DEFICIENCY ; 

CAPABILITY TO TEST HIGH € NOZZLES AT ALTITUDE WITH PRESSURE FED THRUST CHAMBERS 
DOES NOT EXIST AT ANY TEST FACILITY - INITIAL NEED DATE (R&T) : 1988 


OPTIONS ; 


ERO 


• PROVIDE HIGH PRESSURE 
TANKAGE TO AEDC (J-3) 
OR WSTF 

• TEST AT ENGINE LEVEL 
AT GOVERNMENT FACILITY. 


PROVIDES REQUIRED 
CAPABILITY 


LOW PRESSURE TANKS IN 
PLACE OR AVAILABLE 


CON 

COST OF HIGH PRESSURE TANKS 


PUMP LIFE/MAI NT. /CONTROL 


• TEST SIJBSCALE HARDWARE IN-PLACE CAPABILITIES 
AT LeRC, ALRC„ RKD 

RECOMMENDATION ; 


EXTRAPOLATION OF RESULTS 
TO FULL SCALE NOZZLES 


CONDUCT STUDY IN CONJUNCTION WITH ENGINE SYSTEM TEST FACILITY OPTIONS TO DEVELOP 
MOST COST EFFECTIVE SOLUTION 


MEDIUM ENGINE THRUST LEVEL 
ISSUE n - NOZZLE TESTING 


CONSIDERATION OF POTENTIAL FACILITIES 


MINOR MODS 


MODERATE MODS 

E.G., PROPELLANT SYS 

AEDC J-A 
AEDC J-3 
AFRPL 
LeRC PSL 
WSTF 


MAJOR MODS 

E.G. > ALTITUDE SYSTEM 

MSFC 

NSTL 


ALRC RELL 

P*W RKD 
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MEDIUM EN61NE THRUST LEVEL 
DEFICIENCY 03 - TURBOMACH I MERY TESTING 


REQUIREMENT: DEVELOP TECHNOLOGY FOR HIGH PRESSURE, HIGH SPEED TURBOPUMPS REQUIRED 

FOR HIGH PERFORMANCE OTV ENGINES (MID-1990'S) AND ORBIT MANEUVERING SYSTEM 
ENGINES (POST 2000). 

DEFICIENCY: • NO GOVERNMENT CAPABILITY EXISTS AT REQUIRED PRESSURES AND SPEEDS 
• CONTRACTOR CAPABILITY EXISTS ONLY AT ROCKETDYNE 


OPTIONS: 


RELY ON RKD FOR 
TECHNOLOGY AND 
DEVELOPMENT 

PROVIDE CAPA- 
BILITY WITHIN 
GOVERNMENT 


PRO CON 

• MINIMUM INVESTMENT • LIMITED GOVERNMENT EXPERTISE 

• NO CONTRACTOR COMPETITION 


• PROVIDES EXPERTISE THRU o NONE 
“BACKYARD" CAPABILITY 

• MINOR MOD 

• AVAILABLE TO ALL 
CONTRACTORS 

• SUPPORTS PROGRAM 
REQUIREMENT WITH 
TECHNOLOGY 


RECOMMENDATION : FUND FY R5 LeRC CofF SUBMISSION TO SUPPORT LeRC'S R&T RESPONSIBILITY. 


MEDIUM ENGINE THRUST LEVEL 

ISSUE #1 - TURBOMACHINERY TEST1N6 

CONSIDERATION OF POTENTIAL FACILITIES 

MINOR MODS MODERATE MODS MAJOR MODS 

AFRPL 

JPL-ETS 

JSC-TTA 

LeRC 

MSFC 

IISTF 


ALRC 

PAW 

RKD 
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MEDIUM engine thrust level 

DEFICIENCY V\ - BEARING TESTER 
ISSUE 


REQUIREMENTS : 


ADV HI6H PRESSURE PUMP-FED N ? 0„/MMII ENGINES REQUIRED 
OTV'S AND FOR ETO VEHICLE ORBIT MANEUVERING SYSTEMS 


FOR FUTURE HIGH PERFORMANCE 
(OMS) BY MID-1990'S 


DEFICIENCY ; 


rJSrlJ SMALU Hff,H SPEED N 2°9 AND m BEARINGS DOES NOT EXIST AT ANY 

GOVERNMENT FACILITY-ONLY AT ROCKETDYNE 

OPTIONS! EBfl £OU 

PROVIDE CAPABILITY AT AVAILABLE TO TEST ALL NONE 
LeRC UR RPL CONTRACTOR DESIGNS. 

MINIMUM EXPENSE TO 
INSTALL 

RECOMMENDATION S 

PROVIDE CAPABILITY AT LeRC OR AFRPL FOR BEARING RiT (NEED DATE: 1985) 

OAST AND AFRPL DETERMINE BEST LOCATION PRIOR TO JAN. 1989. 


HI M m 

LeRC 

AFRPL 

MSFC 

JPL-ETS 

JSC 

11STF 


MEDIUM ENGINE THRUST LEVEL 
ISSUE P\ - BEAR1N6 TESTER 
C ONSIDERATION OF POTENT I Al FACII ITIFS 

MODERATE MODS 


MAJOR MODS 


ALRC 

RKD 

PAWA 
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SCHEDULE SUMMARY 


• ALL PLANNED VEHICLES REQUIRE ENGINES IN THE 2000 LBS OR LESS CLASS 

- 13 NEW ENGINE DEVELOPMENTS REQUIRED. 

• ALL PLANNED NEW VEHICLES (17 TOTAL) REQUIRE NEW SYSTEMS (WHICH INVOLVE 
SYSTEM LEVEL TESTS) BETWEEN 1983 AND 2010. 

• IN 1985 - 1990 TIME PERIOD: 

11 NEW ENGINE DEVELOPMENTS 
8 NEW SYSTEMS 

( 

• THESE PROGRAMS WILL RESULT IN SIGNIFICANT FACILITY TEST LOADS. 

LOW ENGINE THRUST LEVEL 
SUMMARY ASSESSMENT 


ENG IKE CUSS 

ASSESSMENT 

BiP-RQP- STORABLE 
2K & LESS 

• NO DEFICIENCY. 

• MULTIPLE GOVERNMENT & INDUSTRY SITES 
AVAILABLE. 

• CURRENTLY UNDERUTILIZED - SEVERAL ALREADY 
INACTIVE. 

MONOPROP <N 2 H 1| ) 
100 & LESS 

• NO DEFICIENCY. 

• MULTIPLE GOVERNMENT & INDUSTRY SITES 
AVAILABLE. 

2K & LESS 

• TWO CONTRACTORS WITH CAPABILITY (AEROJET 
AND ROCKETDYNE . 

• INADEQUATE CAPABILITY AT GOVERNMENT SITE 5. 

HIGH ENERGY (LF 2 > 
2K & LESS 

• NO DEFICIENCY. 

• GOVERNMENT & INDUSTRY SITE AVAILABLE. 

• CURRENTLY INACTIVE BUT CAPABILITY SHOULD BE 
RETAINED. 
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LOW ENGINE. IHKU!> I LtVtL 
CLASSIFICATION OF GOV'T, FACILITIES 


SIGNIFICANT DIFFERENCES IN SUITABILITY FOR LOW THRUST ENGINES DUE TO SIZE, PRIMARY 
FUNCTION, CENTER ROLE AND FACILITY CHARTER. 

• TECHNOLOGY DEVELOPMENT (R4T) 

• LeRC 

• RPL 

• FLIGHT PROGRAM SUPPORTING DEVELOPMENT ('BACKYARD') 

• JSC - HA 

• HSFC 

• JPL * 

• GOVERNMENT-OWNED TEST SERVICE SITES 

• JSC - WSTF 

• NSTL 

• AEDC 

• JPL * 

• CURRENTLY UNDERUTILIZED FOR PROGRAM SUPPORT AND IS BIDDING FOR USE AS A TEST 
SERVICE SITE. 


LOW LNGINt THRUS1 LLVLL 

RATIONALE FOR EXISTENCE OF SIMILAR GOV'T. FACILITIES 


• TECHNOLOGY DEVELOPMENT (R4T) 

• PROVIDE TECHNICALLY COMPETENT PROCUREMENT 4 MANAGEMENT OF CONTRACTED 
R&T PROGRAMS. 

• PROVIDE COMPARATIVE EVALUATION OF COMPETING CONCEPTS. 

» ALLOW INNOVATIVE IDEAS TO BE EXPLORED AT LOW COSTS. 

0 PERFORM IN-HOUSE R&T . 

0 FLIGHT PROGRAM SUPPORTING DEVELOPMENT ('BACKYARD} 

0 PROVIDE TECHNICALLY COMPETENT PROCUREMENT 4 MANAGEMENT OF CONTRACTED FLIGHT 
HARDWARE PROGRAMS. 

0 PROVIDE REAL-TIME ENGINEERING INVESTIGATIVE SUPPORT. 

0 ASSIST IN DEVELOPMENT 4 REFINEMENT OF MISSION RULES 4 CONTINGENCY PROCEDURES. 

0 GOVERNMENT OWNED TEST SERVICE SITES 

0 PREVENTS REQUIRING CONTRACTORS TO HAVE FULL-UP FACILITIES IN ORDER 
TO BE COMPETITIVE. USE AS REQUIRED TO PREVENT BUILDING OF NEW 
FACILITIES AT NON-GOVERNMENT SITE. 
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RECOMMENDATIONS 


0?/H? DEFICIENCIES AT GOVERNMENT SITE 


• TECHNOLOGY DEVELOPMENT (RiT) 


URL 

• IMPLEMENTATION OF APPROVED FY 1989 CoF ( *995.10 AT LeRC HILL INCREASE 
TOTAL CAPABILITY FROM NONE TO ONE HOUR DURATION. 

• RECOMMEND CONTINUE. 


BEL 

* !f , ^rf^ NTAT,0N 0F REQUESTED FY 1985 MCP (*5.M) AT RPL TO INCREASE 
ALTITUDE DURATION CAPABILITY FROM 15 MIN. TO 5 HOURS. 

• RECOMMEND C ONSIDER USE OF JPL IN LIEU OF MOD AT RPL (CAPABILITY REQUIRED), 
• FLIGHT PROGRAM SUPPORTING DEVELOPMENT ("BACKYARD*) 

JSC 


• NO CRYO ENGINE CAPABILITY AT ALL AT TTA - UNDERSUPPORTS JSC CENTER 
ROLE AS FLIGHT PROGRAM DEVELOPMENT AND MANAGEMENT CENTER. 

• UPGRADE BY ADDING CAPABILITY FOR SUB-SCALE ENGINES 
MSEC 

• NO APPROPRIATE ENGINE ALTITUDE CAPABILITY AT MSFC - UNDERSUPPORTS MSFC 
CENTER ROLE AS FLIGHT PROGRAM DEVELOPMENT AND MANAGEMENT CENTER. 

• RE COMMEND THAT MSFC IDENTIFY BEST METHOD AND INCLUDE IN FY 1986 CoF. 

• GOVERNMENT-OWNED TEST SERVICE SITES 

JEL 


• JPL HAS TOTAL CAPABILITY EXCEPT FOR RUN DURATION (3 MINUTE CAPARII ITY) 

VS. HOUR(S) REQUIREMENT) DUE TO LIMITED VOLUME HIGH PRESSURE LH 2 TANKAGE. 

• RECOMMEND A PPROVE RELOCATION OF SURPLUS LHo TANKAGE SYSTEM a NTS TO 
INCREASE JPL'S CAPABILITY TO 2 HOURS AND PROVIDE TOTAL LOW THRUST 
CAPABILITY AT VERY LOW COST U100.K). 

HSTF, NSTL. MSFC 

• IMPLEMENTATION OF OTV FACILITY DECISION WILL ALSO PROVIDE FULL SCALE 
LON THRUST CAPABILITY AT ONE OF THESE SITES. 
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CONCENTRATE ON FACILITIES AT GOVERNMENT 

SITES 


• SPECIFICALLY: MAJOR, EXPENSIVE, ENGINE & STAGE 
FACILITIES. 

• GOVERNMENT FACILITIE77S (AT GOVERNMENT SITES) 
AVAILABLE TO ALL USERS 

- CONTRACTOR & GOVERNMENT 

- R&T, R&D, OPERATIONAL PROGRAMS 

• GOVERNMENT FACILITIES AT CONTRACTOR SITES 
GENERALLY LIMITED TO HIS USE 

- ALTERS COMPETITIVE ADVANTAGE 

- REDUCES HEALTH OF INDUSTRY 

TEAM RESULTS 


• DETERMINED STATUS OF NATIONAL PROPULSION TEST FACILITIES (COMPILED FACILITY 
DATA PACKAGE) . 

• DEVELOPED BASELINE SPACE TRANSPORTATION VEHICLE MODEL. 

• ESTABLISHED TEST REQUIREMENTS FOR THE GENERIC PROPULSION SYSTEMS IN THE 
VEHICLE MODEL. 

• DEVELOPED INTEGRATED FACILITY PLAN (SHORT/LONG TERM). 

• IDENTIFIED SURPLUS EQUIPMENT AVAILABLE FOR UTILIZATION AT OTHER FACILITIES. 

• PROVIDED ASSESSMENT OF PROPULSION INDUSTRY HEALTH. 

• ENHANCED COMMUNICATION CHANNELS BETWEEN LIQUID ROCKET TEST ORGANIZATIONS. 
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RECOMMENDATIONS: 


• HOS. PROGRAM OFFICES PROVIDE MEAHS OF DEVELOPII1G AND MAINTAINING INTEGRATED 
"TOP LEVEL PLANS*. 

- REQUIRES TOP MANAGEMENT INVOLVEMENT. 

- REQUIRES DEDICATED LEAD STAFF. 

- MUST BE DEVELOPED BY THOSE RESPONSIBLE FOR MANAGING THE EXECUTION 
OF THE PLAN. 

- OFTEN REQUIRES INVOLVEMENT AND INTERACTION OF MORE THAN ONE HQS. 
PROGRAM OFFICE/SOMETIMES DOD. 

• PLANS SHOULD INCLUDE: 

- NATIONAL MISSION REQUIREMENTS. 

- PROGRAM OBJECTIVES, APPROACHES, MAJOR MILESTONE, ETC. 

- CENTER RESPONSIBILITIES. 

- TECHNOLOGY REQUIREMENTS. 

- FACILITY REQUIREMENTS. 

• INTEGRATED FACILITY PLANNING 

- DRIVEN AND SUPPORTED BY INPUTS FROM PROGRAM PUNS. 

- MUST INCLUDE PROGRAM MANAGEMENT AND FACILITY MANAGEMENT. 

- CONSIDERATION OF FACILITY OPTIONS/BY TRADE-OFF STUDIES. 

<- EARLY R&D FUNDS NEEDED TO BE EFFECTIVE. 

- CENTRALLY (HQS) CONTROLLED REVIEW OF TRADE-OFF STUDY RESULTS 
AND CONCLUSIONS. 

TEAM OBSERVATIONS OF NASA PLANNING 


• A GENERALLY ACCEPTED TOP-LEVEL SPACE TRANSPORTATION SYSTEM PUN DOES 
NOT EXIST; WOULD INCLUDE: 

- MISSION OBJECTIVES AND REQUIREMENTS 

• MAJOR EXCEPTION PERMANENT MAN OCCUPANY OF SPACE. 

- PROGRAM PLANS/MAJOR MILESTONES 

• PUNS FOR APPROVAL OF ONGOING PROGRAMS ARE INADEQUATE. 

• FUTURE PROGRAM PUNS ARE NUR NONEXISTENT. 

• THERE IS NO CLEAR ORGANIZATION MECHANISM TO DEVELOP AiJD VALIDATE PUNS 

- AD HOC PROPULSION FACILITY TEAM - REOUIRED TO DEVELOP PUN FOR 
PROPULSION PROGRAM. 

- REVIEW AND CONCURRENCE BY TOP NASA AND AF MANAGEMENT INCOMPLETE. 

• GOOD FACILITY PUNNING AND APPROVAL 

- REQUIRES ADEQUATE AGENCY/CENTER MISSION OBJECTIVES AND 
PROGRAM PUNS. 
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CONCLUSIONS 


• ADEQUATE FACILITIES ARE AVAILABLE AT BOTH THE GOVERNMENT AND CONTRACTOR SITES 
TO SATISFY THE TEST I NO NEEDS OF SMALL ENGINES (SPACECRAFT ATTITUDE CONTROL AND 
MANEUVER ING) FOR FORESEEABLE FUTURE. 

ONE EXCEPTION IS DEFICIENCY III L0X/LH 2 TEST CAPABILITY. 

• MODIFICATIONS AND ADDITIONS TO EXISTING FACILITIES ARE REQUIRED TO ADEQUATELY 
SUPPORT THE TEST REQUIREMENTS FOR DEVELOPING AND OPERATING HIGH PERFORMANCE 
MEDIUM THRUST ENGINES FOR FUTURE SPACE VEHICLES (OTV, ETC.). 

THERE ARE SPECIFIC NEEDS FOR IMPROVED COMPONENT TEST FACILITIES, AND ENGINE/ 

PROPULSION SYSTEM ALTITUDE TEST FACILITIES. 

• THE PRESENT THREE ACTIVE TEST STANDS (TWO AT NSTL AND ONE AT ROCKETDYNE, SSFL) 

MAY NOT BE ADEQUATE OR OPTIMUM TO SUPPORT ALL THE TEST HEEDS OF THE SSME AND 
SSME DERIVATIVE ENGINE PROGRAMS. OPTIONS BEING CONSIDERED FOR TEST STAND MODI- 
FICATIONS AT NSTL AND MSFC COULD SATISFY THIS NEED. 

• PRESENT ACTIVE OR STANDBY LARGE ENGINE TEST FACILITIES ARE HOT CONFIGURED TO 
SATISFY HEEDS OF AIR FORCE “ORBIT-ON-DEMAND" VEHICLE. 

• THERE IS IMMEDIATE NEED FOR IMPROVEMENTS AND ADDITIONS TO SEVERAL CENTER “BACK- 
YARD" FACILITIES TO SUPPORT TECHNOLOGY ADVANCEMENT TESTING, AND SHUTTLE DEVELOP- 
MENT AND OPERATIONS PROGRAMS SUPPORT. 

• THERE ARE A LARGE NUMBER OF MEDIUM AND LARGE THRUST ENGINE AND SYSTEM TEST STANDS 
NOT IN ACTIVE USE AT BOTH GOVERNMENT AND CONTRACTOR SITES. MANY ARE BEING MAIN- 
TAINED; A FEW NOT. SOME SHOIH D HINT I IMF TO RF MAINTAINED BECAUSE OF LARGE INVEST- 
MENT COST AND UNKNOWN FUTURE-; OTHERS KEPT FOR SPARE PARTS; AND OTHER HAVE NO POTENTIAL 
USE AND SHOULD BE MADE AVAILABLE FOR DISPOSITION. 


CHANGES 

• NATIONAL AEROSPACE PLANE 
« ADVANCED LAUNCH SYSTEM 

• SPACE EXPLORATION INITIATIVE 
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NATIONAL AERO-SPACE PLANE 



1982 1983 1984 1985 1986 1987 | 1988 | 1989 1990 | 1991 1992 1993 1994 

} OARPA Copper 

l Canyon Program 

National Aero-Space Plane Program 

wmSSaMBM 

Phase II Phase III 


199S-20004 


Future Operational 
Systems Development 



ORIGINAL PAGE IS 
OF POOR QUALITY 
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ADVANCED LAUNCH SYSTEM 



ADVANCED LAUNCH DEVELOPMENT NASA 
PROGRAM SCHEDULE 
( March 28, 1990 Aldrich Study) 


NATIONAL AERONAUTICS 
AND 

SPACE ADMINISTRATION 


PROCUREMENT 

ACTIVITIES 


| EY90 

| 91 

| 92 

l£- 

Ui- 

L?J 

1 96 

1 97 

[*•_ 

1 99 

1 00 1 
1 



CY90 I *1 I 92 M W 95 I 96 97 98' 99 


00 I 01 I 02 


CiooublOQ 

Afboncad D»v«lopm»nl 
Pioloype 




N» 

JS2L 


CM 


1104 IM 

-JS2L- 


i»ouxTH*"n_ 


CM 

N7 


PSD 

1 

poocunl • * o inqmi 

__L 



I woaunrrMrmnan 

p 

yeNdeJtatemi 

PM 

v 



Hum VI 

1 







AHuaAcad Davaloonxnl 

AOVAMC <0 OCVHOMtfNI HOMOtOatt 

1 




CM 

K7 


PSD 

1 


n: 


Oibltd Docking 


FocKHot 


T -Y - 


Launch 


HU w 

AAA, 


19Aprf»90 


1017 




SEI Candidate Unmanned Vehicles 



1 Booster 2 Boosters 3 Boosters 


A Ooostors 
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Shuttle Lunar Transportation System Mars Transportation Sys 
letrfc tons Mass - 200 metric tons Mass - 800 metric tons 

metric tons) 





LRB/SDV OPTIONS 

ET CORE 



• STE 




1021 






LIFE CYCLE COST BASED DECISIONS 

RATIONALE 


• FACILITY ASSESSMENT TEAM CHARTER 

• FUTURE PROGRAM REQUIREMENTS 

• CAPITAL INVESTMENT VS O&M COSTS 


SCOPE 



1022 







LIFE CYCLE COST 


THE TOTAL COST OF A FACILITY - INCLUDING THE INITIAL 
CAPITAL INVESTMENT AND ALL OPERATING AND 
MAINTENANCE COSTS FOR THE LIFE OF THE PROGRAM. 


RECOMMENDATION 


• ESTABLISH A PROPULSION TEST WORKING GROUP WITHIN 
NASA - SEPARATE PANEL OF PROPULSION WORKING 
GROUP. 

• DEVELOP A FINITE MODEL FOR COST ANALYSIS OF 
ALTERNATE SITES FOR PROPULSION TEST 

• SUBJECT ALL CANDIDATE SITES TO INDEPENDENT 
ANALYSIS - NASA HEADQUARTERS LEAD 

• PROGRAM DECISION BASED ON INDEPENDENT 
ASSESSMENT 


APPLICABILITY 


• NEW PROGRAM STARTS 

• MAJOR PROGRAMMATIC CHANGES 
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